Study design: Observational study. Objectives: Thoraco-abdominal endovascular aortic aneurysm repair (TAEVAR) can be used to treat patients with extensive and complex aortic disease, however, at the risk of spinal cord ischemia (SCI). The aim of this follow-up study was to evaluate the life satisfaction in patients with SCI after TAEVAR. Setting: Among 83 patients undergoing TAEVAR between 2009 and 2012 at the Vascular Centre, Malmö, Sweden, 29 developed SCI in-hospital and at follow-up (median 26 months), eight had died and three had no complaints. Methods: Patients diagnosed with permanent (n = 10) and transient (n = 8) SCI were interviewed at home. The Life Satisfaction Questionnaire (LiSat-11) and the Satisfaction With Life Scale (SWLS) were compared with reference samples. Results: Mid-term mortality in patients with permanent SCI (7/17) was higher than those with transient SCI (1/12) (P = 0.035). Ten patients had permanent T1-S5 SCI, two were classified as ASIA Impairment Scale (AIS) A, one as AIS B and seven as AIS D at hospital discharge. Patients diagnosed with transient SCI had residual neurological deficits in the legs (n = 8), urge incontinence (n = 3) and fecal leakage (n = 2) at follow-up. Patients with SCI had lower self-rated life satisfaction in terms of 'life as a whole', 'sexual life', 'somatic health' and 'psychological health' but better in the 'economy' domain. Conclusion: Assessment of life satisfaction at mid-term follow-up suggests that all patients with SCI in-hospital, whether permanent or transient, should have a multi-disciplinary follow-up regime. Most patients diagnosed with transient neurological deficits had an overlooked permanent, less severe, SCI.
INTRODUCTION
Patients with complex aortic disease, aneurysm and dissection, live with the risk of aortic rupture, if the disease is left untreated. Today, thoraco-abdominal endovascular aortic aneurysm repair (TAEVAR) is used to treat these patients. However, with this technique, there is a risk of coverage of the vital arteries that supply the spinal cord, which may lead to spinal cord ischemia (SCI) and paraplegia. The incidence of SCI after thoracic endovascular repair has been estimated to be around 3-10%, 1-3 whereas the patients with more advanced aortic disease, such as those with thoraco-abdominal aneurysms in need of a more extensive coverage of the aorta, have a higher subsequent risk of SCI after TAEVAR. 4 The risk of rupture in patients with asymptomatic aortic aneurysm is mainly assessed by maximal diameter of the aneurysm and/or growth of the aneurysm and should be carefully balanced against risk of perioperative morbidity and mortality and expected remaining life-time due to comorbidity factors such as cardio-pulmonary disease. 5 One artery often described in these contexts is the artery of Adamkiewicz. Anatomical variations of the origin of this artery are common. In the majority of people it originates between Th8 and L1, but can span from Th7 to L3, supplying the lower two-thirds of the spinal cord via the anterior spinal artery. When damaged, it can result in anterior spinal cord syndrome manifested by paraplegia and sensory loss of pain and temperature. 6 Paraplegia should be considered as one of the worst possible complications to TAEVAR, and knowledge of these patients after discharge in terms of survival, improvement of neurological deficiencies and quality of life is most important to add in the preoperative information before any surgery. The aim of this study on highly selected patients with extensive aortic disease in need of extensive stentgraft therapy of the aorta was to follow up those patients with permanent sequel due to SCI after TAEVAR to evaluate their daily life situation and life satisfaction some years after onset of SCI.
MATERIALS AND METHODS Patients
Eighty-three patients at high risk for SCI underwent advanced endovascular therapy and cerebro-spinal fluid drain insertion for complex aortic disease at the Vascular Center, Malmö, Skåne University Hospital, Sweden, between 2009 and 2012. Twenty-nine patients suffered from SCI perioperatively, 7 twenty-two had cerebrospinal fluid drains inserted prophylactically and nine postoperatively due to diagnosis of SCI. Transient SCI was defined as full recovery of neurological deficits in-hospital according to medical records. Seventeen and twelve patients were diagnosed with permanent and transient SCI, respectively. Patients were followed for a median time of 26 months (range 14-56) from day of operation, and information on survival was retrieved from the Swedish Population Registry on 5 September, 2013. Mid-term follow-up refers to evaluation of outcome in patients, 2-5 years after complex and emergent complex endovascular aneurysm repair procedures. 8 Telephone contact was taken with the remaining 21 surviving patients. Three patients had no neurological deficits and were excluded from the study. The remaining 18 patients reported symptoms indicating neurological deficits related to SCI and were offered a home visit for an~1-hour-long interview regarding medical aspects, everyday life aspects and life satisfaction (Figure 1 ). Interviews were carried out throughout September 2013 at the patients' homes (n = 18). None of the patients lived in a nursing home.
At-home interview
Information about need of home-care services, physiotherapy and primary use of mobility aids (that is, a cane, a crutch or two crutches, a walking frame, or a wheelchair) was obtained during the interview. Home-care services correspond to the Swedish home-care services meaning that medically trained personnel visited the patient at home and helped with the activities of daily living (ADL). Urinary dysfunction postoperatively was defined as need of indwelling catheter or clean intermittent catheterization, or having new onset of symptoms indicating neurogenic bladder. Urge incontinence was defined as new onset of involuntary leakage of urine and a sudden urge to urinate. Bowel dysfunction was defined as stoma today or planned, obstipation or incontinence. The Spinal Cord Independence Measure, 9 a disability scale for patients with spinal cord lesions, which assesses independence in daily activities, was used to define obstipation: irregular timing or very low frequency (less than once in 3 days) of bowel movements. Obstipation was defined as manageable with the help of laxatives or unmanageable. Sexual dysfunction was defined as inability or reduced ability to perform the sexual act. No or reduced genital sensation was registered. Spasticity in the legs, current decubitus ulcer and prescribed medications were documented.
Life satisfaction
Life satisfaction was assessed with two self-report questionnaires; the Life Satisfaction Questionnaire (LiSat-11) and the Satisfaction With Life Scale (SWLS). The LiSat-11 10 contains 11 items rated on a six-point Likert scale (1 = very dissatisfied to 6 = very satisfied). It includes one item assessing global life satisfaction ('Life as a whole') 10 and 10 domain-specific items. The resulting scores were dichotomized in 1-4 (not satisfied) and 5-6 (satisfied) for comparison with a Swedish reference sample. 10 SWLS 11 comprises five items rated on a seven-point Likert scale (1 = strongly disagree to 7 = strongly agree). Total scores range from 5 to 35, with higher scores reflecting greater life satisfaction. To compare the results (seven-point scale) with the reference sample (five-point scale), scores were recoded as 1 = 1; 2 and 3 = 2; 4 = 3; 5 and 6 = 4; and 7 = 5 as seen in a previous study. 12, 13 Neurological deficits Neurological deficits, T1-S5, were graded according to the American Spinal Injury Association (ASIA) impairment scale (AIS) in patients discharged with permanent SCI from hospital: AIS A, complete, no motor or sensory function is preserved in the sacral segments S4-S5; AIS B, incomplete, sensory but not motor function is preserved below the neurological level and includes the sacral segments S4-S5; AIS C, incomplete, motor function is preserved below the neurological level, and more than half of key muscles below the neurological level have a muscle grade o3; AIS D, incomplete, motor function is preserved below the neurological level, and at least half of key muscles below the neurological level have a muscle grade of 3 or more. The neurological deficits in each patient were re-scrutinized and re-assessed after evaluation of the respective patient records by a specialist in neurology. Any results of urodynamic investigation were noted.
Statistics
SPSS software (version 20.0; SPSS Inc, Chicago, IL, USA) was used for data managing and statistical analysis. Continuous variables were expressed as median and range or interquartile range, or mean and s.d. Proportions were expressed in percentage with 95% confidence interval modified by using the Wald method. 14 Confidence interval for the difference in proportions between the studied and reference population 10 was calculated. Mann-Whitney U-test was used for asymmetric continuous data in group comparisons. Fisher's exact test was used for cross-sectional, categorical values in group comparisons. Student's t-test was used when comparison of means and s.d. was made between the studied and reference sample, 12, 13 where alpha level was set at 0.01 and variance at equal, at the website: in-silico.net/tools/statistics/test; the 17 December 2013. Po0.05 was considered as significant. Spinal cord injury after therapy for aortic disease I Mehmedagic et al
RESULTS

Patient characteristics
Pre-operative patient characteristics are shown in Table 1 . The patients had the following aortic diseases: thoracic aortic aneurysm (n = 3, 17%), thoraco-abdominal aortic aneurysm (n = 12, 67%), juxta-renal aortic aneurysm (n = 2, 11%) and infra renal aortic aneurysm (n = 1, 6%). The thoraco-abdominal aortic aneurysm was classified as type 1 (n = 3), type 2 (n = 6), type 3 (n = 2) and type 4 (n = 1). Indications for therapy were aortic aneurysm (n = 17, 94%) and pseudo-aneurysm (n = 1, 6%). Stent grafts were positioned in the thoracal (n = 3, 17%), thoraco-abdominal (n = 14, 78%) and abdominal (n = 1, 6%) part of the aorta. At hospital discharge, 10 and 8 patients were judged as having a permanent or transient SCI, respectively (Figure 1 ). Three underwent acute operation, all had transient SCI. Fifteen underwent elective operation. At follow-up, mortality in patients with permanent SCI (7/17) was higher than those with transient SCI (1/12) (P = 0.035).
Cerebrovascular disease
One patient with permanent SCI suffered from a stroke 3 months preoperatively. Two patients with transient SCI suffered from stroke; one patient had several transient ischemic attacks preoperatively and the other one had a perioperative cerebral infarction.
The anatomical location of SCI Fourteen patients were clinically assessed in-hospital by a consulting neurologist from a timespan of the same day until 13 days after debut of SCI symptoms: ten had the anterior spinalis syndrome, one had symptoms of spinal shock and two assessments were inconclusive.
Neurological deficits during follow-up
Ten patients had permanent T1-S5 SCI, two were classified as AIS A, one as AIS B and seven as AIS D. In total, two patients had complete and eight had incomplete SCI. Nine were discharged to a rehabilitation center, and one patient was sent home due to improvement of the SCI related symptoms. Eight patients had transient SCI at hospital discharge, and they all expressed concerns at follow-up regarding the function of their legs (Figure 1 ).
Mobility at follow-up
Patients with permanent SCI at hospital discharge were to a greater extent wheelchair-dependent (P = 0.025) compared with the patients with transient SCI at discharge (Table 2) .
Investigation and treatment of bladder malfunction at follow-up Cystometry was performed in five patients, and all were diagnosed with neurogenic bladder dysfunction. At follow-up, patients with permanent SCI at hospital discharge had significantly higher proportion of urinary (P = 0.007) dysfunction than the patients with transient SCI (Table 2 ). Three patients with permanent SCI used clean intermittent self-catheterization and three used an indwelling catheter. In all, three patients received anti-cholinergic treatment against urinary urge incontinence.
Bowel dysfunction at follow-up
Five patients, all with permanent SCI, had fecal incontinence inhospital and were clinically diagnosed with neurogenic bowel dysfunction. At follow-up, patients with permanent SCI had significantly higher proportion of bowel dysfunction (P = 0.043) compared with patients with transient SCI (Table 2) .
Sexual dysfunction at follow-up
New onset of sexual dysfunction after TAEVAR was found in 11 out of 14 patients at follow-up (Table 2) . Among the ten patients with permanent SCI, six men reported inability and two men reported reduced ability to perform a sexual act. Four reported no sensation and the other four reported reduced sensation in the genital area. Among the eight patients with transient SCI, two men reported reduced ability to perform a sexual act, where one had no sensation and the other had reduced sensation in the genital area.
Life satisfaction at follow-up LiSat-11. Patients with SCI in the study were found to have a lower self-rated life satisfaction compared with the reference group in terms of 'life as a whole', 'sexual life', 'somatic health' and psychological health', but showed a higher satisfaction with the 'economy' domain (Table 3 ).
SWLS. The study sample was found to have a lower self-rated life satisfaction on three of five items in the SWLS questionnaire (SWLS 1-3), 'in most ways my life is close to my ideal', 'the conditions of my life are excellent' and 'I am satisfied with my life', compared with the reference sample (Table 4) .
DISCUSSION
The main finding of this study was that the majority of patients with SCI in-hospital who were discharged with apparent full recovery of neurological deficits, the transient group, in fact did have minor selfreported neurological sequel at follow-up. Hence, a neurological follow-up post discharge of all patients with in-hospital SCI, whether with permanent or transient symptoms, seems to be mandatory to identify all patients with neurological deficits and to be able to provide proper follow-up investigations such as urodynamic studies and assessment of functional ability.
The neurological deficits at follow-up seem all, apart from the preand perioperative stroke events in three patients, to be attributed to the SCI as a complication after the endovascular procedure. The predominant neurological deficits were attributed to loss of motor function and the corresponding lesions located to the anterior cord, a common clinical feature after acute occlusion of the dominant spinal artery, Adamkiewicz. Moreover, one patient had a cerebral infarction peri-operatively, which is within the reported stroke incidence range from 4.1 to 7.6%. 15 This study showed a high frequency of neurogenic bladder among the studied patients, even if relatively few cystometries were performed. It seems that the urinary problems were neglected by the health-care providers. The results suggest that all patients with a SCI, Table 3 Comparison of self-reported levels of life satisfaction (LiSat-11) in patients with spinal cord ischemia after TAEVAR and the Swedish reference sample Spinal cord injury after therapy for aortic disease I Mehmedagic et al whether with transient or permanent symptoms, [16] [17] [18] should be investigated for neurogenic bladder at follow-up. A cystometry should be performed to confirm or exclude the condition, to evaluate whether urinary retention is present and medication for neurogenic bladder should be considered. Some of the patients with SCI had severe symptoms of bowel dysfunction, necessitating a better control of bowel emptying. The two wheelchair-dependent patients had a controlled output colostoma, and one patient was planned for colostomy due to incontinence for stools. Patients with neurogenic bowel may have many severe deficits such as weak abdominal muscles, impaired rectal sensation and delayed colonic transit time resulting in obstructed defecation, whereas impaired external anal sphincter contraction and uninhibited rectal contractions result in incontinence for stools. 19 It is hard to tell if anticholinergic treatment for urge incontinence or treatments with laxatives in some patients might have worsened the patients' bowel function. A large proportion of patients were bothered by bowel dysfunction, suggesting the importance of a thorough evaluation of the patients' discomforts at follow-up.
The reports and the life satisfaction questionnaires showed a very low satisfaction with sexual life after the operation. This finding was, however, expected. 20, 21 The patients need to be informed of this, often neglected, complication preoperatively, and they should be asked postoperatively about their sexual function, to enable a possible treatment.
Compared with the Swedish reference samples, the studied population with predominantly males showed lower life satisfaction scores, despite that the partner relationship rate, a factor strongly associated with improved life satisfaction scores, 10 was very high, 89%. A previous report has shown that it is most important to have a nation-specific reference group, as cultural differences may have an impact on life satisfaction scores. 22 The reference groups comprised Swedish populations between the ages of 18-64 years 10 and 27-71 years, 13 respectively. Hence, these control groups were younger but equal in gender distribution. Life satisfaction scores seem neither to be gender dependent, nor to be associated with age. 23 In two studies among older adults, level of life satisfaction was found to be the same across all ages. 24, 25 Furthermore, older age has been seen to be positively associated with family life and financial and vocational situation. 23 In contrast, other studies have suggested caution when comparing life satisfaction with different age groups; 23 however, this uncertainty might be due to SWLS items 4-5, which have been shown to be sensitive to age, 12 whereas SWLS items 1-3 have been found to be insensitive to age. Thus, the finding of a lower life satisfaction according to SWLS scores for items 1-3 among the studied patients seems quite reasonable. Surprisingly, patients with SCI were found to have a higher level of satisfaction with their economy compared with the reference group. This finding might reflect the fact that the majority of the study patients lived in a couple relationship, hence obtaining a double income. It might also reflect the good social standard in Sweden.
The present study would have been strengthened if another more age, gender and co-morbidity matched control group was added such as patients undergoing TAEVAR without suffering from SCI during the same time period. However, there may be concerns of feasibility to create such a control group and, above all, the number of patients would always be greatly under-sized compared with the used reference samples in the present study. In a more age, gender and co-morbidity matched historical control group of patients who had undergone open repair for abdominal aortic aneurysm without suffering from SCI, life satisfaction evaluation by LiSat-11 showed that sexual functioning and psychological health were the domains that were most suppressed, whereas the other domains appeared to be very little affected. 26 In the present study, there were three patients suffering from pre-and perioperative stroke, which could have influenced their life satisfaction. Indeed, life satisfaction scores have been shown to be significantly impaired in stroke survivors compared with healthy controls. 27 Nevertheless, the present study suggests that the low life satisfaction scores in patients treated with advanced endovascular therapy for thoraco-abdominal aortic aneurysm disease were related to the occurrence of permanent SCI with its profound impact on limb, bowel, urinary and sexual functioning. Patients with SCI represent a small group of patients with a disastrous complication after advanced endovascular therapy for aortic disease, with increased mortality rate, 1 and the present study supports previous reported findings that patients with permanent SCI at discharge have a worse prognosis than patients with transient SCI. 1 For natural reasons, vascular surgeons avoid reporting on their most severe complications and very few publications are therefore available. No prospective studies exist. Therefore, the present mid-term follow-up investigation with home interviews assessing functional ability and life satisfaction contributes greatly to the accumulated body of knowledge in these SCI patients. Despite the reduced level of life satisfaction among the study patients at follow-up, some of these patients were thankful for having been treated for their potentially lethal aortic disease. In conclusion, the assessment of life satisfaction at mid-term followup suggests that all patients with SCI in-hospital, whether permanent or transient, should have a multi-disciplinary follow-up regime. Most patients diagnosed with transient neurological deficits had an overlooked permanent, less severe, SCI.
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